Abstract. This paper presents the case of Mary Valley's protected catchment, which is located in the northeast Black Sea Region of Turkey, and was declared a national park in 1987. The study area has sensitive ecosystems, with rare and endangered endemic plants. Nevertheless, current unsustainable economic activities, uncontrolled tourism and population migration have adversely affected its sensitive ecological integrity. This research aims to monitor and analyze the landscape dynamics changes of land use-land cover and landscape structure by change detection and landscape metrics in 1987, 1998, 2009 and 2016. The relationship between LULC and habitat changes linked to those of endemic plants were aimed to be determined. The findings indicated that forest areas with the highest loss transformed into grassland, shrubland and bare land areas, while bare land experienced the highest gain. However, forest area has the highest and bare land has the lowest habitat function. Additionally, endemic plant habitats have an inverse relationship with the habitat value of forest and bare land areas and a direct relationship with shrublands. These unsuitable changes can adversely pressure the sensitive landscape dynamics of Mary Valley protected area. Thus, landscape dynamics and their changes should be monitored to protect and manage for the sustainable development of Mary Valley resources.
Introduction
Landscape is an area where there is action, interaction and various relationships between natural and/or cultural resources (CE, 2000) . These effects and relationships inevitably cause a change in landscape dynamics. Since the dawn of time, the change of landscape patterns, landscape sensitivity and landscape dynamics have been generated by natural disasters and unsustainable, unplanned decision making (Antrop, 2000) . The idea to analyze landscape changes has been raised for the determination of the complex and significant interactions among natural, cultural and social processes (Esbah et al., 2010; Martinuzzi et al., 2015) . Thus, the need for monitoring and analyzing the temporal and spatial changes of natural and cultural areas and providing for their sustainable development have become essential concerns in the last few decades (Lausch and Herzog, 2002) .
Protected areas are valuable components for biodiversity, culture and history. Nevertheless, they have been under pressure due to uncontrolled and unmanaged land use and land cover change (LULCC) caused by anthropogenic activities that are mainly influenced by socioeconomic, political and technological factors (Braimoh, 2006; Esbah et al., 2010; Mariota et al., 2013; Scullion et al., 2014) . Thus, monitoring and assessment are important for sustainable land management because they can define environmental trends that can be used in the planning of future endeavors in protected areas, solving problems of the landscape, and finally sustainably using resources (Estes et al., 2012 ; Angonose and Grau, 2014; Tian et al., 2014; Oinam et al., 2018) .
LULCC is a key driver of global landscape change and can describe the relationship between humans and the use of the surrounding land (Fichera et al., 2012; Scullion et al., 2014) . LULCC in landscape patterns is related to urban and population growth, negative impacts of anthropogenic uses, socioeconomic, political and technological variables. It increases impervious land use and deforestation and decreases agricultural and grassland areas (Seto et al., 2005; Bozkaya et al., 2015) . Effective monitoring and assessment of LULC is a suitable way to assess landscape mechanisms and ecological processes, provide ecological and cultural sustainability, understand sensitivities of landscapes based on erosion and flood risk, biodiversity and habitat potential or loss, soil, water and air quality, predict future change in landscape patterns, mitigate undesirable effects on landscape resources and solve problems of landscape dynamics (Estes et al., 2012; Fichera et al., 2012; Tian et al., 2014; Demir, 2017) .
Landscape ecology is focused on characterizing habitat function using landscape metrics at the patch, class and landscape level, i.e. number, size, density, edge and shape of patches (McGarigal and Marks, 1995; Lausch and Herzog, 2002; Seto and Fragkias, 2005) . Overall landscape is defined by analyzing the landscape structure to understand its habitat function using landscape metrics (Turner et al., 2001 ; Malaviya et al., 2010; Mairota et al., 2013; Demir and Demirel, 2018) . Therefore, these metrics can describe the distribution of landscape disturbance and explain sustainable landscape development and landscape patterns and dynamics (Neel, 2008; Esbah et al., 2010 , Fan et al., 2018 . Understanding landscape dynamics is associated with landscape functions and changes (Seto and Unsustainable land use can damage and reduce biological diversity and culturalhistorical resources of protection areas (Martinuzzi et al., 2015) . Therefore, they cannot be assessed in isolation, separately from their surroundings (Demir et al., 2016) because ecological processes form an integrated system that is not limited by administrative boundaries. This study monitored and analyzed Altindere Valley National Park and its surrounding Mary Valley catchment, based on ecological boundaries, located in the Maçka District of Trabzon, Turkey. With its protected ecological and cultural resources, Mary Valley has gained national and international tourism potential. Especially the historical Sumela Monastery is visited each year by Orthodox Christians from around the world. It is host to 31 endemic plants species (Salapaş, 2002; Uzun, 2002) . Although there are many ecological, cultural and touristic attractions in the park, the human population of the study area diminished by about 25% from 1987 to 2016 due to migration to urban areas (TURKSTAT, 2016) . This study monitored and analyzed temporal and spatial LULCC and habitat function in the protected Mary Valley. In this context, this study's objectives are to determine temporal habitat value based on landscape structure analysis using landscape metrics (1) and to identify the relationships among LULCC, habitat function and endemic plant distribution areas (2) . To reach this aim, temporal landscape dynamics were evaluated to understand the changes of LULC types, endemic plant habitats and their value. The use of landscape structure analysis integrated with the normalization method and determining the effects of LULC changes http://www. on sensitive endemic plant habitats were the primary objectives of this research. Therefore, the findings of this research can be an example for Turkey and other developing counties to support ecological and cultural integrity of protected areas.
Methodology
The research process included the characterizing the study area, data collection, image pre-processing, image classification, determining and comparing LULCC and determining habitat function using landscape structure metrics analysis (Figure 1) . A difference in elevation from 480 meters to 2,718 meters shapes the area's topography, climate and vegetation (Doganay, 2003; Demir, 2017 ). The study area includes different kinds of ecosystems including riparian buffers, dense broadleaf forests (1,350 m-1,750 m), coniferous forests (1,750 m-2,000 m), and alpine meadows (2,000 m and higher). It hosts 31 endemic plants species (App. 1) that are declared on the red list of IUCN as threatened species (Salapaş, 2002; Uzun, 2002; Demir, 2017) . It has been designated as an Important Bird Area concerning Eastern Europe's bird migration (BirdLife International, 2015; Development Plan, 2005) . The historical Sumela Monastery has an archaeologically and historically important cultural landscape value that manifests in the religious ceremonies of monks and pilgrims (Zaman, 2010; Demir et al., 2015) .
The current land cover types of the study area include forests, shrublands, grasslands, croplands, bare land and settlements. (Salapaş, 2002; Uzun, 2002) were examined for habitat and local population change. ERDAS 2014 software was used for image pre-processing, classification and haze reduction. ENVI+IDL programs were used to reduce the black line gaps of the images based on the Landsat gap fill process. ARCGIS 10.2 was used for geometric corrections, converting raster data to vector data and determining the LULCC. FRAGSTAT 4.2 (McGarigal et al., 2012) was used to determine habitat value of land cover types using landscape structure metrics.
Image pre-processing
The 5 TM images taken in the year 1987, 1998 and 2009, in addition to the Landsat 8 OLI TIRS image taken in the year 2016 were evaluated directly for image preprocessing. For this step, Image pre-processing was used to eliminate band combination based on stack layers, top of atmospheric radiances (TOA), atmospheric correction, and for haze reduction. Firstly, the digital number (DN) layers were combined with the stack layer modeler. For next step, a top of atmospheric radiance and reflectance computation (TOA) modeler was created for each image to minimize atmospheric effects (Özyavuz et al., 2011; Tian et al., 2014) . The radiative transfer model was used for the atmospheric correction of these four satellite images from 1987, 1998, 2009 and 2016 using the simulation of the satellite signal in the solar spectrum (5S) to compute the atmosphere's attenuation of the solar radiation that reflected radiation or radiance from a surface. Then all the values were evaluated for the satellite images, separately. The Landsat images were geometrically corrected and registered in the Universal Transfer Mercator projection system (datum WGS 84, zone 37N) for geometric correction. The Landsat fill gap was used to eliminate and reduce the black line gap and haze effects in the visible bands of Landsat images (Yale, 2015) to enhance the accuracy of classification. Images of four different times were used to determine landscape dynamics changes through LULC and landscape structure analysis. http 
Image classification
The classification process groups pixels that have similar spectral values (Kara et al., 2013; Bozkaya et al., 2015) . This research was carried out using the maximum likelihood supervised classification algorithm to detect land use and land cover types. In this process, 342, 329, 303 and 325 pixels were selected for 1987, 1998, 2009 and 2016, respectively. After that, forest areas (deciduous and coniferous), shrublands, grasslands, bare land (gravel and bare ground) and croplands were identified as land use and land cover classes. These classified data were compared with the GlobeLand 30-N27 map and the digital aerial photo (2013) using on-screen digitizing to improve the accuracy rates of the classification maps and solve the mixed pixel problem. Overall accuracy was calculated using 800 independent test pixels. The statistical results were 94% 94% 92% and 93% respectively for the 1987, 1998, 2009 and 2015 classified images.
Change detection
Change detection was used to compare two years using from-to analysis (Francisco and The directly and inversely proportional metrics that affect habitat function were evaluated separately for each category. Finally, one of the well-known linear normalization methods called Min-Max method was used to normalize the data linearly. Minimum; refers to the lowest value, maximum; refers to the highest value that data can receive. In this formula x' is normalized data, xi is input value, xmin is the smallest and xmax is the largest number in the input set (Equation 1). In this context, Min-Max normalization method was preferred to generalize objectively the range of landscape structure metrics values of each LULC type.
Results and discussion

Land use and land cover change
The LULC types in the study area consist of forests, grasslands, bare land, shrublands and croplands. According to the LULC distributions from 1987 to 2016, the dominant LULC types were forests and grasslands ( Figure 3) . The LULC types gained bare land at the cost of losing forest, grassland, shrubland and cropland, respectively. Forests decreased from 49.87% in 1987 to 43.92% in 2016, while bare land increased significantly. In 2016, the forests were still dominant followed by croplands. The bare land area increased significantly in 2016 compared to previous years, while forests declined sharply in 2016 (Figure 4) .
The change detection indicated the amounts of net change, total change, persistence, gains, losses and swaps of LULCC types from 1987 to 2016. Table 2 shows that grasslands had the highest total change (13.06%) and highest swap (12.10%) in terms of gain and loss amounts. Cropland had the lowest total change (gain+loss) and the lowest swap amounts. The highest net change (gain-loss) of LULCC belonged to bare land, and the lowest change was that of croplands. Forests experienced the highest loss with 580.23 ha, whereas bare land experienced the highest gain with 615 ha (Table 2) .
Eventually, the LULC types of the research area include forest, grassland, bare land and shrubland. Forest and grasslands are the main LULC types of this research. Loss of forest is most likely due to lumber production and the expansion of the road network for villages, summer homes and ski centers, whereas gain in bare land is due to the transformation of grasslands. Cropland areas decreased constantly from 1987 to 2016 ( Table 2 ). The main causes of this decline were the limitations on agricultural and forestry activities in the national park, and local migration. Although forestry activities were limited, the forestry area had a similar decreasing trend due to hydroelectric power plants, road networks, deforestation and floods. In these cases, forest areas were transformed to grasslands, shrublands and bare land within 29 
Endemic plant areas change
The research area has 31 endemic plants species in the highlands ( Figure 5 ). According to Leitao et al. (2006) , Erdogan et al. (2013) , Esbah et al. (2009 Esbah et al. ( , 2011 ), a 100 m wide buffer zone was created to protect the core zone for each sensitive and endangered endemic plant habitat. The species, listed in the IUCN red list category of threatened species, are most often located in grasslands, forests and shrublands. The LULCC affected endemic plants significantly through the increase of bare land and the loss of grasslands and forests. Even though these plants are protected by the IUCN categories, some changes were found in each endemic plant habitat. LULCC adversely affected their habitats and diminished the environmental properties of the buffer area.
The LULCC distributions from 1987 to 2016 showed that grasslands have the most endemic plants (Figure 5 ), although the highest loss, swap and especially net change amounts were observed in grasslands. Table 3 included that endemic plant occurrence in shrublands, which is the subdominant LULC type, decreased significantly from 8. 
Habitat change of LULC
Landscape has interaction with and influence on natural and cultural values (CE, 2000). Due to this, monitoring the changes of landscape dynamics has a key role in this research. In this context, the natural and cultural landscape resources of Mary Valley were examined and habitat potential based on landscape sensitivity was determined to observe changes of LULC and endemic plant populations.
The quantification of landscape dynamics of a landscape pattern using landscape metrics is a basic way to determine habitat function and landscape changes (Forman and Godron, 1986; Turner, 2001; Fan et al., 2018) . Therefore, the habitat function of the research area was evaluated using landscape structure metrics for LULCC types from cropland are higher; conversely, PD and MPS values are lower than those of other LULC types. Therefore, grasslands and croplands had smaller and more fragmented patches, which led to a decreased habitat potential. According to the shape metrics group, the low MSI and AWMSI values of shrublands indicated more regular patch shapes that conduce to higher habitat values than other LULC types. On the contrary, bare land and croplands have small and irregular geometric patch shapes, which means lower habitat potential.
The core metrics group is important for protecting landscape values. According to it, forest areas had the highest values of TC and TCA, because forest areas lie in the middle of the watershed valley with low PN, MPS values, and low fragmentation, thus they had a higher habitat potential. Core areas of shrubland and bare land types were quite small, resulting in low habitat values.
According to landscape metrics results of isolation/contiguity metrics, croplands had the highest CONTIG_MN and ENN_MN values, which led to a decreased habitat potential. On the contrary, shrub areas had the lowest continuity and isolation values. Grasslands, forest and bare land, respectively, have similar habitat potential due to the topographic shape of deep valley.
The low ED of forest and grassland indicated that they had higher habitat values with more interior differences in the richness of species. PN of bare land was the highest with a low PD. Therefore, this LULC type became more fragmented than other types. Grasslands and croplands with high CONTIG_MN, ENN_MN and FRAG_MN values demonstrate more heterogeneous and fragmented habitats. Furthermore, croplands with low PN and AWMSI had a potential to shrink. Generally, croplands had the lowest habitat potential in this research, due to the fact that croplands had been decreasing since 1987, and the patches of croplands were quite fragmented and dispersed. The high values of TC, and CAI_MN in forest areas had high habitat potential, conversely, shrublands had the opposite effect. In addition, the low MPAR and FRAC_AM values of shrubs indicated a high habitat potential. In addition, shrublands with high PN, PD and low MSI means improved habitats. However, their habitat potential was lower due to their high ED, CONTIG_MN, ENN_MN and low MPS values, which mean a high level of fragmentation ( Table 4) .
According to the linear normalization of all metrics from 1987 to 2016, the habitat function of the LULC types from highest to lowest were forests, shrublands, croplands, grasslands and bare land, respectively ( Figure 6 ). The habitat function of forests decreased suddenly in 1998 compared to other periods. This loss of forest habitat led to an increase in shrubland, cropland and bare land areas. The habitat potential of shrublands was the highest among the LULCC types in 1998, and the habitat value of bare land was the lowest. In 2016, forests experienced the highest habitat function at 1.00 due to uniform, compact and un-fragmented patches, followed by grasslands at 0.540. Bare land experienced the lowest habitat function at 0.00. This landscape structure analysis integrated with the normalization method is a first in terms of ranking the habitat changes of LULC on the same scale to provide a more objective approach.
The values of habitat function assess each LULCC pattern according to ecological integrity (Esbah et For example, more than 40% of the uncontrolled wood cutting of local people and road networks in 1998 represented a key factor in the decline of forest habitats in Mary Valley. The habitat function of landscape patterns is calculated using different types of landscape metrics and indicates direct or inverse effects (Malaviya et al., 2010; Fichera et al., 2012) . All metrics were evaluated separately, depending on their direct or inverse relationships with the habitat function changes of each LULC types through the linear normalization (Norm.) called Min-Max method ( Figure 6) . As a result, objective values for the habitat function of all LULC types were calculated. This normalization statistical technique was an effective and easy way to enhance our understanding and to measure the effects of metrics on habitat function. A high number of metrics creates difficulties for the evaluation of habitat function (Esbah et al., 2009; Fichera et al., 2012; Bruton et al., 2016) . A research was suggested to limit and categorize them using a statistical method such as factor or cluster analysis with the assistance of an expert (Mairota et al., 2013) . Thus the 16 metrics selected were categorized in 4 groups based on their characteristics and were evaluated objectively using linear normalization method. 
LULC change of endemic plant areas
Changes in the endemic plant habitats were compared with the habitat function of each LULC type. The changes in these species' distribution areas were inversely related to the habitat function of bare land and forest areas, but directly related to habitat function of shrublands (Figure 7) . In the grasslands, the endemic plants habitats were inversely related to habitat function. The results of these analyses, conducted along the distribution areas of endemic plants, has allowed detecting a significant relationship with the habitat function of LULC.
The decline in shrublands diminished the habitat function of endemic plant distribution areas. Generally, shrublands have a valuable habitat status for endemic plants (Salapaş, 2002; Estes et al., 2012; Bruton et al., 2016) . Thus, the transformation of shrublands should be stopped to protect the species. Bare land areas have increased over 29 years and adversely affected the habitat function of sensitive, unique and rare endemic plant habitats. The rise in the total area of bare land should also be reduced to prevent negative effects. Unlike the bare land trend, forest area inversely affected them. Scullion et al., 2014) . Due to this reason, future conservation decisions can be prepared based on the separate environmental requirements of endemic plants to sustain each habitat function. Uncontrolled tree cutting and infrastructure expansion connect the decline of the habitat function of forest areas to the increase in bare land and grassland habitat functions based on area/edge, shape, core and isolation/contiguity metrics. Since 1998, the habitat function of forest areas for endemic plants has increased. This result showed that forest habitat renewed itself with ecological processes. Conservation and management plans should respect ecological processes to ensure the ecological integrity of the research area. This decline was due to restrictions within the boundaries of the national park banning forestry and agricultural activities. The forestry area had constantly decreased since 1987 due to mostly uncontrolled deforestation and new road infrastructure. Another limitation was related to climate, which restricts tourism activities to July and August.
The research area is part of a valuable national park with tourism and recreation potential (Demir et al., 2015; Pirselimoglu and Demirel, 2015a, 2015b . Such a plan and ecotourism can create socio-economic prosperity for local people to return to the valley and protect its natural and cultural landscape. Local awareness on the protection of ecological values can be raised. All protection rules and ecotourism activities can be controlled by an interdisciplinary scientific council responsible to the related ministries, experts and other stakeholders. This can make it possible to provide special local protection and effectively prevent smuggling of the area's fauna, flora and historical resources. In the study area, there is no capacity control or monitor visitors of the national park or tourism and recreation activities in general. These problems can put pressure on its ecological and cultural values and diminish its environmental characteristics. Thus, while conservation oriented plans are being made, tourism management and land resource management strategies based on landscape planning can be carefully considered not only for the national park, but for the entire catchment area in a future research. This method can be an efficient and effective way for future researches to monitor LULCC and habitat function worldwide and to determine conservation and management strategies.
In relevant literature, there are many studies in which LULC change detection and habitat change is studied. However, there researches on protected areas are quite limited, especially where changes of endemic plants habitat and the evaluation of landscape metrics by grouping are involved. Similar to Mary Valley's research, the Mairota et al. (2013) developed a quantitative method based on landscape structure metrics to monitor protected areas. It only analyzed the landscape structure of protected areas, but LULC changes from past to present day could be an important key element to monitor habitat function change of landscape dynamics to support the findings. On the contrary, in the research of Mary Valley, the effect of LULC changes on endemic plants was monitored with change detection and landscape metrics (individually and in four groups) which has an important role in improving sustainable planning and management strategies for the protected area. Malaviye et al. (2010) monitored 34 years of LULC changes to determine changes of habitat diversity of a mining area. Fichera et al. (2012) analyzed and monitored 50 years of LULC and habitat changes. The oldest image dated back to only the year 1987 of Marry Valley, because the satellite images of this study area were limited due to cloudy days and snow cover on highlands. Therefore, for the further research, the images of the study area should date back to before the conservation status was established, to provide an exhaustive analysis of want went on before and after that date. Although these researches analyzed LULC and habitat change in spatial and temporal scales using change detection and a few landscape structures metrics, they did not consider the relationship of LULC and habitat change with the endemic plants of the area, and neither did they group landscape metrics to qualify the landscape structure of LULC and endemic plant habitats. Furthermore, the main difference between Mary Valley' research and these sample studies is that the spatial and temporal LULC and habitat changes of protected area under four landscape metric groups, paired with the relationship of endemic plants were all analyzed. Therefore, these methods were developed to contribute guidance to future researches and practices worldwide. 
Conclusions
The objectives of this study were to determine temporal habitat function based on landscape structure analysis using landscape metrics and to identify the relationships between the change of LULC, habitat function and endemic plant distribution areas by temporal and spatial monitoring and analysis. First of all, changes of LULC and endemic plant areas were monitored, followed by habitat function of LULC types and endemic plant distribution areas, based on related studies conducted nationally and internationally. Through landscape habitat and landscape structure analysis, the temporal changes of LULC, endemic plants and habitats were determined for the research area. Mary Valley protected area has a catchment and archeological site. However, this research area has been under pressure due to habitat changes of LULC types and endemic plants distribution areas. Therefore, connectivity of landscape patches of each LULC types can be improved for sustainability, and ecological and cultural integrity of the study area, through establishing healthier conservation and management strategies by improving existing ones.
This research examined habitat function of LULC and endemic plants distribution areas based on landscape sensitivity, using landscape dynamics. The spatial and temporal landscape pattern was investigated on four different dates (over 29 years), which enabled us to monitor the changes of landscape dynamics. According to the findings on LULC change with change detection, forest areas lost the most area, whereas bare land areas significantly increased, gaining most of it from lost forests, grasslands and croplands. Furthermore, the most endemic plants are located in grasslands, although the highest loss and net change amounts were also indicated in grasslands. In addition, shrublands were under threat with a sharp constant decline trend. In the context of habitat function of LULC types and endemic plant distribution areas evaluated using landscape structure metrics with linear normalization scale, the endemic plant distribution areas had adverse effects on habitat function due to the edge effect, which diminished environmental resources. The forest had the highest, while bare land had the lowest habitat potential with high fragmentation. This study evaluated temporal LULC and habitat changes. In this research, the landscape structure analysis integrated with normalization method and the determination of the effects of LULC changes on sensitive endemic plants habitats were a first, and thus these new approaches may set an example for future studies related LULC and LULC changes on sensitive areas. These methods and findings can help control sensitive landscape dynamics for further sustainable development of protected areas. Thus, this research can set an example for Turkey and other developing countries in supporting the sustainability of ecological and cultural integrity of protected areas.
